BACKGROUND: The outcome after hospitalization for an exacerbation of chronic obstructive pulmonary disease (COPD) is unfavorable and uncertainty exists about factors predicting short and long-term prognosis.
INTRODUCTION
Exacerbations of chronic obstructive pulmonary disease (COPD) are an important component of the burden of the disease by accelerating lung function decline, precipitating poor health status, increasing healthcare costs, and negatively affecting survival. [1] [2] [3] More precisely, in-hospital mortality for an acute hypercapnic exacerbation approximates 10%, while two-year mortality approximates 50%. 3 The economic impact of COPD exacerbations is mainly due to hospital admissions that are often prolonged with a length of hospital stay (LOS) varying between 6 and 13 days according the severity of exacerbation of the population studied. [3] [4] [5] Despite this fact, few studies 5, 6 have as the primary short-term outcome parameter the length of hospital stay and examine its association with patient characteristics. In the past, shorter length of stay has been associated with low respiratory rate and arterial partial carbon dioxide pressure (PaCO 2 ) and fewer co-morbid illnesses. 6 Mortality, the most important outcome parameter, has been previously found to be related to PaO 2 /FiO 2 ratio (partial arterial oxygen pressure/fractional inspired oxygen), serum albumin, body-mass index (BMI), age, quality of life, specific co-morbid conditions, 3, 6, 7 exacerbation frequency and hospitalization, 8 use of corticosteroids, PaCO 2 4 , long-term oxygen treatment (LTOT), 9 and forced expiratory volume in 1 second (FEV 1 ) 10 . Furthermore, the presence of respiratory acidosis characterizes life-threatening exacerbations. 11 The role of the Medical Research Council (MRC) chronic dyspnoea scale in predicting mortality has not been assessed in these studies, and its predictive role has been the primary objective of only one previous study. 12 Moreover, most of previous studies 3, 4, 9 assessed six-month and one-year mortality and very few extended follow-up to more than two years. 7, 12, 13 However, short-and long-term prognosis of these patients is very important when facing therapeutic decisions and dilemmas of resource allocation.
In this study we hypothesized that the above listed indices of systemic COPD effects and of exacerbation severity may predict LOS and three-year mortality after hospitalization for a COPD exacerbation. Moreover, we hypothesized that by combining some of these parameters we will form a model with higher predictive accuracy. To test our hypothesis, we prospectively evaluated patients admitted with an acute exacerbation of COPD for LOS, FEV 1 , MRC chronic dyspnoea scale, BMI, previous year hospitalizations, LTOT, PaO 2, PaCO 2 , pH, respiratory rate, and three-year mortality.
MATERIALS AND METHODS

Study Protocol
All consecutive patients over the age of 40 years with a diagnosis of COPD and symptoms indicative of an exacerbation who were admitted at a respiratory department of "Sotiria" Chest Diseases Hospital in Athens, Greece, from July 2001 to June 2004, were eligible for this observational study, where data and length of hospital stay were collected prospectively and three-year mortality was assessed retrospectively. Some of the study patients were simultaneously enrolled in a different observational study with completely different endpoints.
14 The physician-investigator (AMT) obtained informed consent from all patients and the ethics committee of the hospital approved the study protocol. Inclusion criteria were: a diagnosis of COPD and presence of an exacerbation according to Global Initiative of Chronic Obstructive Lung Disease definition 1 requiring hospital admission. Briefly, COPD was defined as FEV 1 /forced vital capacity (FVC) < 0.70 in a current/exsmoker over the age of 40 years, 1 and an exacerbation was defined as acute-onset sustained worsening in baseline dyspnoea, cough, and/or sputum beyond normal variation warranting a change in regular medication. 1,2 Exclusion criteria were: age less than 40 years; asthma; bronchiectasis; pneumonia; cancer; any other active lung disease; presence of an exacerbation requiring endotracheal intubation and intensive care treatment. Specific demographic (age, gender) and risk epidemiologic (smoking, diabetes, allergies, etc.) information was collected from each eligible patient. Spirometric data were derived from patients charts or personal files from time periods of stability within the calendar year preceding the exacerbation (eg, more than three months apart from an exacerbation). Patients with no available spirometry data (n=17) or displaying more than 12% increase in FEV 1 after bronchodilation were excluded (n= 3) 15 . BMI was calculated by dividing the weight in kilograms with the square of height in meters. 16, 17 Subsequently, the patients were asked to describe their level of dyspnoea before the onset of the exacerbation and their MRC score was recorded. The MRC dyspnoea scale 1, 17, 18 is a questionnaire that consists of five statements about perceived breathlessness: grade 1, "I get breathless only in strenuous exercise"; grade 2, "I get breathless when hurrying on the level or up a slight hill"; grade 3, "I walk slower than people of the same age on the level, or have to stop for breath when walking at my own pace on the level"; grade 4, "I stop for breath after walking 100 yards or few minutes on the level"; grade 5, "I am too breathless to leave the house." The number of hospitalizations for COPD within the calendar year preceding the exacerbation was derived from hospital files or patients direct enquiry. Finally, PaO 2 , PaCO 2 , and pH were measured on an arterial blood sample taken before the institution of oxygen therapy on a blood gas analyzer (Radiometer Copenhagen, Copenhagen, Denmark). The use of LTOT and respiratory rate per minute on admission were also recorded. LOS was used as a parameter of short-term outcome. In agreement with most studies 3, 5 showing LOS of 8 to 9 days we found a median LOS of 8 days and we categorized LOS in two groups: LOS≤8, (usual stay) and LOS > 8, (prolonged stay).
Patients intubated and transferred to the intensive care unit were excluded from the study (n=5). Three years after discharge, the patients or their relatives were contacted by telephone and their survival status was recorded. Twenty patients were not traced and were excluded from survival analyses. Three-year mortality was used as a parameter of long-term outcome.
Statistical Analysis
Non continuous data are reported as frequencies. Continuous variables normally distributed are reported as mean ± standard deviation (SD). Not normally distributed data are reported as median (interquartile range, IQR), or with the entire distribution for variables with limited number of categories.
Comparisons between groups were done by chi-square, Student's t-test, or Mann-Whitney U-test for nominal, continuous normally distributed and continuous not normally distributed variables, respectively. Multiple stepwise logistic regression analysis with backward elimination method and Cox regression analysis with backward elimination method were performed to examine the independent effect of the variables with p<0.1 on univariate analysis, on length of hospital stay and three-year mortality. Subsequently, the independent determinants associated with mortality were included in two models: a standard one and a simplified one. Finally, receiver-operator characteristic (ROC) curve analysis was done for independent determinants associated with LOS and three-year mortality, as well as the standard and simplified model. The best cutoff points for each variable was selected using the Youden index. Analyses were done using the Statistical Package for the Social Sciences version 13.0.0 (SPSS, Chicago, IL). Probability values less than 0.05 were considered significant.
RESULTS
Of 106 patients prospectively enrolled in the study, 5 were intubated and transferred to intensive care unit, 17 were not able to yield consistent spirometry data, and 3 had marked response to bronchodilation; all the above were excluded from the study. The characteristics of the remaining 81 patients are shown in Table 1 . In-hospital mortality was 4.9% (4/81 patients) and all deaths occurred after prolonged hospital stay (> 8 days Subsequently, we performed ROC analysis for variables significantly (p<0.10) associated with LOS (BMI, MRC score, LTOT, respiratory rate and pH) and for variables significantly (p< 0.10) associated with three-year mortality (FEV 1 , BMI, MRC score, LTOT and PaCO 2 ) in order to identify the optimal cutoff points useful to predict LOS and three-year mortality, these data are available upon request. Using these cutoff points to categorize patients, we performed multiple logistic regression and Cox regression analyses to identify the independent effect of the variables studied on LOS and three-year mortality. In multiple logistic as well as in Cox regression analyses, MRC score was the only independent determinant of prolonged LOS [p=0.001, odds ratio = 7.67 (95% CI=2.50-23.41) and p=0.013 hazard ratio = 1.77 (95% CI 1.07-2.80), respectively]. The visual inspection of the log minus log function plots for the final Cox model including MRC showed adequate proportionality.
For both analyses, only MRC score and BMI were independently associated with three-year mortality (Table 2) . Again, the visual inspection of the log minus log function plots for the final Cox model including MRC and BMI showed adequate proportionality.
Using these two variables, (MRC > 2 and BMI < 25 kg/m 2 ) we generated a simplified weighted model to predict three-year mortality. By adding to the model FEV 1 we generated a more standard model for three-year mortality prediction, these data are also available upon request. On ROC analysis of the simplified and standard model and their constituents, both models had high predictive accuracy ( Fig. 1 and Table 3 ). Specifically, on the simplified model, when none of the risk factors were present (score = 0), 86% of patients were alive after three years; when both risk factors were present (score = 3.5) 92% of the patients died within three years. This predictive accuracy is equivalent to a more standard model including FEV 1 (Table 3) .
DISCUSSION
In the present study, we set forth the hypothesis that clinical surrogates of COPD severity and systemic effects could predict short-and long-term outcome after hospitalization for an exacerbation of COPD. To test this hypothesis, we prospectively evaluated patients admitted at a tertiary hospital with an acute exacerbation of COPD. Using simple analyses, we showed that MRC score and BMI predicted length of hospital stay and three-year mortality. Moreover, we combined these characteristics into a regression coefficient-weighted prediction model, which can provide accurate identification of patients likely or not likely to die within the coming three years, even when spirometric data are not readily available.
In the published literature, in-hospital mortality, LOS, sixmonth mortality, and one-year mortality have been the most commonly used outcome parameters in patients with COPD exacerbation. 3, 4, 19 However, few previous studies 5, 6 had as their main outcome measure the length of hospital stay. Moreover, in our study, we preferred to assess three-year mortality instead of one-year mortality in order to have a complete estimation of COPD patients' outcome, in the shortand long-term, knowledge that could influence management. Three-year mortality was the primary endpoint of the TORCH trial , 13 and was found to be less than 16%, but the population included in that study was different from our study. Patients included in the TORCH trial were mainly outpatients, able to attend their scheduled 12-weekly visits and not patients hospitalized for a severe exacerbation associated with unfavorable prognosis .3,8 Furthermore, patients excluded from the TORCH trial, such as those over the age of 80 years or those who withdrew during the run-in period (n=2370), could be the ones with more troublesome disease and worse prognosis. Studies assessing mortality after emergency department visit or hospital admission found results comparable to our findings. 7, 19 Previous studies have identified associations between various clinical factors in patients with COPD and outcome. [3] [4] [6] [7] [8] [9] [10] Factors associated with LOS was the primary objective of only one previous study. 6 The MRC score has not been assessed in those studies and was only examined in one previous study ,12 which only compared dyspnoea score with FEV 1 . Herein, we used a systematic approach to stratify patients with COPD exacerbation according their three-year mortality risk and according their probability for prolonged length of stay.
In the present study, we confirmed the association of FEV 1 , LTOT and PaCO 2 with mortality. Despite the fact that FEV 1 was previously regarded as the most significant correlate of survival in COPD, 10 newer data have questioned its independent prognostic role, 16, 20 in agreement with our findings. The association of LTOT with prognosis is easily understood as LTOT reflects more severe stage IV disease, possibly with cor pulmonale, which is a well known adverse prognostic factor. 3, 9 Similarly, the association of PaCO 2 with survival could be attributed to the fact that the emergence of hypercapnia in COPD patients characterizes more severe disease and occurs in patients who easily decompensate and develop respiratory failure, an uncontestable poor prognostic factor. 21 Surprisingly, exacerbations were not associated with mortality in contrast to previous studies, 8 probably because we recorded only the number of severe exacerbations requiring hospitalization and not the total number of exacerbations; the numbers are small. Arterial blood gas pH was also not related to mortality, as patients with significant respiratory acidosis were transferred to the intensive care unit and subsequently excluded from our study.
The most important finding of the present study is that two easily obtained clinical parameters, BMI and MRC score, have the best predictive value and could assist the clinician in determining COPD patients likely to have prolonged hospitalization or die in upcoming years. Importantly, our results are not a product of statistical analysis, as two different statistical analyses, multiple logistic and Cox regression, identified the same parameters as independent determinants of LOS and mortality. According to the two different analyses, only the risk associated with these parameters differed.
The association of BMI with LOS and three-year survival is not surprising, as low BMI reflects higher degree of systemic inflammation, a mechanism possibly involved in disease progression. 22 Previous studies found a strong association between BMI and survival that is not linear but has an inflection point, below which mortality increases. 15, 20, 23 showed that this scale is a simple and valid method of assessing the disability of COPD patients and could be used in the classification of COPD severity. In the study of Nishimura and co-workers, 12 the level of dyspnoea has been shown to be a better predictor of five-year mortality than the spirometric classification of disease itself. Furthermore, dyspnoea level determines health-related quality of life, 25 and physical activity of COPD patients that have an impact on readmission risk and long-term prognosis, 9,26-29 and these factors are amenable to improvement with pulmonary rehabilitation. The importance of dyspnoea and BMI in predicting survival has recently been further recognized by Celli and coworkers, 17 who included MRC dyspnoea scale and BMI together with FEV 1 and distance walked in 6 minutes in the BODE index, nowadays recognized as the best predictor of mortality from respiratory or other causes in patients with COPD.
The results of our work can be regarded an additional tool to BODE and BOD (without 6-min walk test) indices in situations like the emergency department or the first hours on the ward when the 6-minute walk test can not be performed and it is even impossible to obtain spirometric information. In these situations, our simplified model can assist clinicians in identifying, at first glance, COPD patients at increased risk for prolonged hospital stay and higher mortality risk and try to optimize their hospital management, intensity of follow up, as well as targeting them for rehabilitation programs immediately post-discharge, to improve their nutritional status, dyspnoea level, physical activity and ultimately their outcome. As COPD presents an epidemic on the rise and a great healthcare burden, measures to guide resource allocation for these patients become more important. The knowledge of prognosis of these patients would also assist patients and their relatives making important decisions for their life and give end-of-life directives.
Certain limitations of our study are not to be overlooked. The comorbidities of our patients have not been included in the analyses but patients with known lung cancer, one of the most common comorbidities in COPD patients, 30 were excluded from the study. Three-year survival was assessed retrospectively with telephone inquiry and 20 of the patients were not traced, but their characteristics did not differ significantly from the rest of the patients. In addition, death certificates were not checked and cause of death is not provided, as all information regarding survival comes from patients' relatives. Finally, our study was developed in a single centre and we did not validate our findings in a new cohort of patients from a different centre, something that remains to be done. Despite these shortcomings, we show herein that the MRC chronic dyspnoea score and BMI can be used to predict length of hospital stay and three-year mortality with an accuracy comparable to BOD score. Pending further prospective validation, this finding can be useful in patient management especially when spirometric data are not available.
